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Introduction

55
Association areas of brain that underlie complex cognitive qualities such as speech and language 56 demonstrate considerable individual variability (Mueller et al., 2013; Stoecklein et al., 2019) . In contrast, 57 sensory areas of the cerebral cortex, which are evolutionarily old (Kaas, 2006 ) and maturate at early stages 58 of human development (Hill et al., 2010) , have been considered to be relatively similar across individuals. 59 Emerging evidence, however, suggests that the auditory system represents an exception to this rule (King 60 and Nelken, 2009 ). The basic attributes of auditory stimuli are processed much more thoroughly in 61 subcortical nuclei than those of visual stimuli (Masterton, 1992) . Even in primary ACs, neurons have 62 dense integrative lateral connections (Lu and Wang, 2004 ) and strong preference for complex sound 63 patterns rather than isolated features only (Moerel et al., 2013; Nelken, 2004) . In contrast to early visual (Sereno et al., 1995) , in AC the 80 problem is that the topographic representation of cochlea is one dimensional. Although great advances in 81 our understanding of human AC have been recently achieved by using novel data-driven approaches (Kell 82 and McDermott, 2019; Moerel et al., 2013; Norman-Haignere et al., 2015) , the exact layout of AC still 83 remains an open question. Due to the lack of unequivocal mapping paradigm, the degree of individual 84 variability of different AC areas has also remained a widely shared belief rather than quantified fact. A powerful way to characterize the individuality of our brains, which has so far been largely 86 unexploited in human AC mapping, is the analysis of their functional connectome (Seung, 2012) . In 87 previous studies, such analyses have been conducted using resting state functional connectivity MRI 88 (fcMRI) (Mueller et al., 2013; Stoecklein et al., 2019) . A remarkable and highly replicable finding of these 89 fcMRI studies has been that despite their variability at the group level, within any individual brain the 90 intrinsic functional connectivity patterns are highly robust and reliable, to a degree that a specific person 91 can be identified from a larger group of subjects based on fcMRI (Finn et al., 2015) . The smaller number other sensory areas, independent of anatomical biases and regional differences in MRI data quality 101 (Mueller et al., 2013 ).
102
The inter-individual differences in AC could be related to understanding of the evolution of our 103 unique, human-specific auditory-cognitive skills. There is increasing evidence that not only humans, but 104 also non-human primates show communication behaviors that cannot be explained without the existence 105 of a highly advanced auditory system (Belin, 2006; Ghazanfar and Santos, 2003 (Arcadi, 1996) , and even between different individuals within a specific population (Salmi et al., 2014) . 109 The ability to interpret these modulations has evolved alongside an increasingly complex ACs (Hackett et   110 al., 2001), which has a strong capacity for adaptive plasticity (Cheung et al., 2005) 
Results
124
Substantial inter-subject variability in the human and macaque auditory cortex 125 Functional connectivity, and its individual variability, was estimated in human AC using a resting- Focusing on the auditory cortex, we found that inter-subject variability is relatively low in Heschl's 141 gyrus (HG) but much greater laterally in the superior temporal gyrus (STG), which could be near the 142 human homolog of monkey parabelt areas ( Figure 1B ). This suggests that the non-primary auditory areas 143 may be more variable across individuals than the primary auditory areas. Seed-based connectivity analysis 144 indicated that a region in the low variability area is strongly connected to the sensorimotor cortex, whereas 145 a nearby region in the high variability area shows strong connectivity to the frontal lobe (see Figure S1 ).
146
For comparison purposes, we then quantified inter-subject variability in the VC ( Figure 1B) . Critically, 147 6 we found that inter-subject variability in the AC is significantly larger than that in the VC ( Figure 1C We then investigated inter-subject variability in functional connectivity across four macaque 157 monkeys. Two subjects were scanned for eight 10-min fMRI runs under anesthesia (see Materials and 158 Methods) and the other two subjects were scanned for eight 30-min fMRI runs under anesthesia (Xu et 159 al., 2018) but only the first 10-min of each run was retained for analyses thus the data length was kept the 160 same for all subjects. The procedure for evaluating inter-subject variability in macaque is identical to the 161 procedure for the human data as described above (see Materials and Methods and Figure S3 for the 162 definition of auditory mask in macaques (Markov et al., 2012) ). We found that inter-individual variability 163 in macaque monkeys demonstrated the similar principal of the spatial distribution with that in humans, 164 i.e., associated areas in the frontal, parietal and temporal lobes show marked inter-individual variability 165 while primary areas such as sensorimotor and VCs demonstrate low variability. Note that the color scale 166 of variability has been scaled differently for two species so the gradient within each species can be better 167 appreciated ( Figure 1D ). Importantly, the macaque auditory areas showed substantial inter-subject 168 variability ( Figure 1E ), which is significantly higher than that in the VC ( Figure 1F 
Lateralization of inter-individual variability in the AC
171
One of the important functions of the human AC is speech processing, which is lateralized at the 172 population level but varies across individuals. Here, we investigated whether ACs in two hemispheres 173 show similar levels of individual variability, or if one hemisphere is more variable than the other. Inter-174 subject variability in functional connectivity was quantified in the left and right ACs using the CoRR- Previous studies have also provided evidence that a consistent pattern of functional mapping results 247 is harder to replicate across different subjects in non-primary than primary AC areas (Moerel et al., 2014) . 248 However, in many of these previous studies, there were a number of alternative explanations that could 249 have accounted for the increased inter-subject variability. For example, in non-primary ACs, the majority The second potential limitation of study is that our quantification of variability in task activations is 331 limited to a single dataset that used vocal and non-vocal stimuli; thus, our finding may not generalize to 332 other tasks. Future work based on different auditory tasks is warranted. Third, it also must be noted that 333 human AC subareas might be smaller than those in the VCs, which could have affected the comparison 334 of inter-subject variability between the AC and the VC. Further studies with higher-resolution fMRI 335 techniques that allow for smaller voxel sizes (e.g., sub-millimeter BOLD image using 7 Tesla MRI) could 336 help resolve this issue. Fourth, inter-subject variability in the macaque brain was estimated using the data 337 of only four subjects, although each subject had significant amount of data. To examine whether inter-338 subject variability is dependent on a large sample size, we randomly selected four human subjects and re-339 estimated inter-subject variability. We found that the results from four subjects were already quite similar 340 to the results derived from 30 subjects (Pearson correlation r =0.79, see Figure S4 ). Thus, the data from 341 four monkeys may be able to accurately reflect inter-subject variability. Fifth, inter-subject variability may The participants visually fixated on a white crosshair presented against a black background. 
405
Macaque dataset II included two male rhesus macaques (Macaca mulatta, one male, age 5 years, 8.6 kg; 406 one male, age 5 years, 7.6 kg), which was collected from the Oregon Health and Science University. Other details of the data collection can be found in previous reports of the datasets (Xu et al., 2018) . For a given vertex i, the intrasubject variance was estimated using the V maps derived from all V 472 sessions of each subjects (e.g., V=10 for both CoRR-HNU and MSC data):
The intrasubject variance was then averaged across all subjects within any one dataset: In order to visualize the differences of the functional connectivity patterns between seed in the high-506 variability region and seed in the low-variability region, we selected two juxtaposed seeds in the AC but 507 one of them located in the low-variability region around HG (MNI coordinate: -60, -18, 1) and another 508 located in the high-variability region in STG (MNI coordinate: -62, -18, -2). We estimated the seed-based 509 functional connectivity maps for every single individual by using Pearson's product moment correlation. 510 We then converted them to z-maps using Fisher's r-to-z transformation and averaged the z-maps across 511 all 30 subjects ( Figure S1 ). 
